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Biological Aspects of Heat Pollution 
THEODORE A. OLSON * 
ABSTRACT - The importonce of temperature as an environmental factor has long been recog-
nized by the ecologist, and its special impact upon the aquatic ecosystem has been of interest 
to aquatic biologists since they first began to observe interactions between living things and the 
physical environment. Interest in water temperatures as an environmental factor has recently 
become more widespread; and one aspect of the phenomenon, namely "thermal pollution," has 
attracted special attention. 
Thermal power plants, whether energized by coal, oil, 
or nuclear power, have a common characteristic in that 
approximately two kilowatts of heat must be rejected 
from a plant for every kilowatt of electricity produced 
(Philipp, 1967). Thus in New York State, where it is 
expected that a capacity of 12 million kilowatts will be 
added to the present power facilities by 1980, there will 
be generated 24 million kilowatts of heat which must be 
voided to the environment in some manner. The usual 
way is to dissipate such waste products to a water course 
or lake. Because of this practice, electric utilities are and 
will continue for the foreseeable future to be the largest 
single source of thermal discharges. 
Cooling water effluents from such thermal plants, while 
quite inoffensive chemically, can, nevertheless, have very 
undesirable effects on the receiving waters because they 
add large quantities of unwanted heat or "thermal pollu-
tion." Thus they constitute a potential hazard to fish and 
other living forms which are a part of the natural biota 
of streams or lakes. According to H. D. Philipp of the 
Niagara Mohawk power corporation, on-site cooling can 
be provided by cooling towers or by cooling ponds. He 
points out that as a "rule of thumb" one can assume a re-
quirement of one acre of pond surface for each 1,000 
kilowatts, and that as a "total" method this would be 
impractical for half-million to million-kilowatt plants. 
Cooling towers, on the other hand, have an evapora-
tive consumption of 0.05 cubic feet per second for each 
1,000 kilowatts. Thus a million-kilowatt plant would 
need a flow of approximately 50 cubic feet per second. 
The effect of heat on living organisms in a stream thus 
becomes a matter of practical concern as well as aca-
demic interest. If one follows such a trend of thought 
just a bit further, the social and political aspects of this 
water management problem also become evident. In the 
interest of simplicity, the political and socio-economic 
aspects of "thermal pollution" will be set aside here in 
favor of a more definitive discussion of actual experimen-
tal findings and established data regarding the effect of 
heat on the environment and on living organisms in it. 
Observable Heat-induced Changes 
One may readily observe a number of changes which 
an influx of heat will bring about in the aquatic environ-
ment itself. These environmental changes will, in turn, 
affect living organisms within the ecological community. 
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For example, rising water temperatures will bring about 
a change in water viscosity. While slight, this change may 
be enough to affect greatly the plankton organisms which 
are the basic food of larger animal forms. As heat in-
creases, the rate at which oxygen is absorbed in the 
water also will increase, but the total amount which the 
water can hold in solution will be simultaneously re-
duced. At higher temperatures, organic substances will 
be oxidized more rapidly and, hence, the biochemical 
oxygen demand (B.O.D.) will proceed at a greatly ac-
celerated rate. Its effects will be felt in a day or two in-
stead of over a five-day period. This may result in 
serious oxygen depletion where none occurred before. 
Coupled with this is the increased respiration rate which 
will be characteristic of the plankton and benthic popu-
lations. Although the whole ecological community is 
working more efficiently to stabilize organic matter, the 
net result may be a reduction in the capacity of a stream 
to receive additional organic, oxygen-hungry wastes (at 
least in the sections where marked temperature increases 
have occurred). This is due to the fact that purifi-
cation is taking place at a higher rate over a shorter 
length of stream. These, and a number of the other side 
effects, including the acceleration of plant growth ( weeds, 
algae and fungi) to the point where the vegetation be-
comes a nuisance and even an impediment to flow, are 
effects of heat on the stream itself which will, in the end, 
be reflected by the character of the animal life which 
develops successfully in any given reach. 
The observed effect of a temperature rise on living 
things in a natural ecological community depends to some 
extent on the kind of organism selected as a parameter. 
Every animal has its own fatal temperature. Hence, both 
a mouse and a man must keep their body temperatures 
within certain narrow limits. Human temperature is char-
acteristically 98.6° F., but man can live without too much 
difficulty in Death Valley, where temperatures rise to 
120° F. This is possible primarily because man can per-
spire freely and dissipate heat from his lungs. For every 
unit of water evaporated from living tissues, enough heat 
is removed to cool 100 units of water in those tissues 
10° F. But a mouse or rat cannot sweat, and hence lacks 
an evaporative cooling capacity. A rat will die in 32 min-
utes at the same Death Valley temperatures which man 
can survive. Although organisms may survive various 
heat levels, their span of resistance is usually relatively 
narrow. Also, it should be pointed out that at certain 
temperatures, survival may be possible, but the animal 
may not be doing well. 
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Metabolic Changes 
In all animals, the metabolism is altered with changes 
in temperature. According to Van derHoff's principle, a 
10° C. ( 18° F.) rise in temperature causes a doubling 
of a chemical reaction. This may be observed in man. A 
fever of 102° F. in a human speeds up chemical activities 
in his body by 25 per cent, while a drop to a subnormal 
96° F. may result in a 20 per cent reduction. 
Most terrestrial plants which are able to tolerate high 
levels of heat cool themselves by evaporation, as do the 
mammals, and a tree may use several barrels of water 
each day in its transpiration. Aquatic plants which cannot 
employ this device must develop tolerance to heat. Blue-
green algae are particufady adept at this, and a number 
of species have accommodated so that they can live in 
thermal springs at temperatures of 145° F. Other forms 
devoid of chlorophyll have been reported as growing at 
194° F., or approximately the boiling point of water at 
the elevation of Yellowstone Park. These are exceptional 
examples. Ordinarily, temperatures much above 100° are 
fatal to most aquatic plants, and temperatures below 
80° F. would be preferable. 
One characteristic of heat death is a marked stiffen-
ing of the fluid within the cells of an animal. The simp-
lest explanation would be that proteins have coagulated, 
as does the white of a heated hen's egg. The egg proteins, 
however, harden at temperatures near 212° F., not at 
93 ° F., as happens with the eggs of sea urchins. There 
is a strong suspicion that fats and fatlike substances may 
be involved. According to Heilbrunn (1954), a cell is a 
tiny fluid droplet consisting of a nucleus, a surrounding 
fluid with suspended granules, and a firm outer rim or 
cortex. This cortex contains fats and proteins to which 
is bound calcium. Anything which tends to liquefy or 
dissolve fats will loosen the calcium bond, and calcium 
enters the liquid portion of the cell to clot it. If a large 
amount of calcium is released at once, it will cause se-
vere clotting and death of the cell. Therefore, heat or a 
fat solvent like ether can liquefy the fat and bring about 
death of cells. 
Interestingly, there is a correlation between melting 
points of fats in animals or plants and temperatures at 
which they die. Cold-blooded animals such as fishes 
usually die below 90° F.; mammals and birds do not die 
until the temperature exceeds I 00° F . Fats of fishes are 
ordinarily fluid at room temperature ( e.g., Cod liver oil) 
while the fats of birds and mammals are solid. Plant fats 
of northern origin have lower melting points than those 
of southern plants. Likewise, animals living at lower tem-
peratures have fats of lower melting point. Northern sal-
mon, for instance, have a more fluid fat than salmon in 
southern waters. An amusing experiment reported by two 
Danish physiologists is appropos to this point. In their 
studies of fat deposition in hogs, they outfitted one group 
of pigs with underwear to keep the skin temperature 
high. In due time, tests revealed that fat from the hogs 
with underwear had a definitely higher melting point 
than fats of the control animals. 
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Heat Problem of Cold-Blooded Animals 
Whatever the exact mechanism may be for heat-death, 
the problem of heat control and heat compensation is 
one which cold-blooded animals, such as fish, find very 
hard to meet. Unlike terrestrial mammals and plants, they 
cannot avail themselves of evaporative cooling since they 
operate in direct contact with the heated medium. Any 
temperature change in the surrounding water is trans-
mitted directly to the fishes' blood through the gills and 
dispersed immediately to all parts of the body by the cir-
culatory system. If, coincidentally, the oxygen in the 
water should happen to be reduced, the fish must accel-
erate the movement of water past his gills to satisfy his 
respiratory needs. This, of necessity, increases heat ab-
sorption, and a new danger arises. In effect, the fish may 
escape asphyxiation only at the risk of "heat-death." 
For the sake of brevity, one group alone, the fishes, is 
used as a basis for final summation in this paper. 
A temperature rise beyond the normal for the envir-
onment may affect fish as follows: 
( a) Increase the metabolic rate which, in turn , leads to 
greater oxygen requirements and need for more 
food. 
( b) Create greater sensitivity to toxic materials; hence 
reduce resistance to that type of pollution. 
(c) Reduce swimming speed. 
(d) Reduce swimming stamina. 
( e) Reduce the growth rate, which means reducing 
the length and weight attained. 
(f) Increase in avoidance reaction, which is a pro-
tective device if the fish can escape to an un-
affected area. 
(g) Increase susceptibility to diseases. 
(h) Cause loss of life through "heat-death." 
Heat-death occurs at different temperatures for differ-
ent species of fishes. For example, even after some accli-
matization, sockeye salmon fry die when they reach a tem-
perature of 22.2 ° C. ( 72 ° F.). At the other end of the 
spectrum for game fish , the large-mouth bass has a ther-
mal death-point of 36.4 ° C ( 97 .5 ° F.). Most fishes have 
a death-point somewhere between, a fact which Erichson 
Jones ( 1964) has effectively shown in his summation of 
British, European, and American research on thermal 
TABLE I. 
Thermal Death Points 
Common European and American Fishes 
(Adapted from Erichson Jones 1964) '' 
Bluegill ... ... . . ..... 87° F 
Brook Stickleback ... . 87° F 
Brown Trout ...... . 78.8° F 
Brown Trout (fry) . . 73.4° F 
Carp ..... .. . ... . . 89-93° F 
Catfish .... . . . . . ..... 89 ° F 
Common Shiner ...... 86° F 
Common Sucker . ..... 84° F 
Largemouth Bass .91-97.5° F 
Perch . . ... . .. . . .. 73-77° F 
Pink Salmon (fry) . . 70-75 ° F 
Salmon ( salmo 
salar) ** . . . . . . .. 85-86° F 
Rainbow Trout ..... .. 82 ° F 
Rainbow Trout 
(Kamloops var.) .. . . 75° F 
Sockeye Salmon (fry) . 72° F 
Speckled Trout . ... 75-77° F 
* Based on data from 15 groups of investigators. 
''' * Grilse : Young salmon on first return from the sea. 
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death-points . In Jones' tabulation, which induded reports 
of 15 groups of investigators, many of the reported 
death-points were above 86° F., the highest being 101.5° 
F. However, most ( 60 per cent) of the death-points were 
below 86 degrees and the median was 77° F. (25° C.). 
The median for the higher temperature group (warm 
water fishes) was 89.6° F. (32° C.). 
Extreme Limits in Experiment 
It must be remembered that these results are based 
on an experimental situation and represent extreme limits 
of existence. The temperature zones are those within which 
fish cannot and do not normally exist; hence, their reac-
tions may differ somewhat from those encountered in 
nature. In the warm season of the year when, under nat-
ural conditions stream temperatures can rise to 72 ° or 
even 75° F., a further rise of 2° to 5° F. may be suffi-
cient to result in heat-death, which indicates that in na-
ture as well as in the laboratory, differences between sur-
vival temperatures and lethal ones are not great. 
Aside from the fatal termination which naturally rep-
resents the dramatic side of the effect of "heat pollution" 
on fish, there are the indirect, little-noticed stresses im-
posed by an abnormally hot environment. One of these is 
the destruction of food organisms, either by the tempera-
ture rise itself or by oxygen reduction assignable to the 
rise. Ordinarily in an organically unpolluted water with 
a low B.O.D. and little or no turbulence, warming re-
moves oxygen rather slowly. Instead of escaping, the oxy-
gen remains to establish a condition of supersaturation. 
Even without supersaturation, the water at 86° F. still 
holds 7.6 p.p.m. of oxygen, which is well above the mini-
mum for the most sensitive fishes. Also, during daylight 
hours this supply will be augmented by photosynthetic 
oxygen production. 
Unfortunately, it is rare today to encounter a stream 
which is sufficiently free of organic pollution to satisfy 
the above conditions, and the matter of oxygen depletion 
is a very real danger. 
Less-than-fatal Aspects 
Another aspect of heat-pollution is the physiological 
effect short of death. Evidence is accumulating to show 
that temperatures not high enough to cause death may 
still have serious adverse effects. Gibson and Fry ( 1954) 
in their studies of Lake Trout Salvelinus naymacush 
found that the maximum "cruising speed" occurs at ap-
proximately 61 ° F. and that it decreased as the tempera-
ture increased. The lethal point was between 7 4 ° and 
75° F. In the sockeye salmon, while "cruising speeds" 
are about the same at 50° and 66° F., the metabolic de-
mands are much higher at 66° F. Energy reserves are 
actually exhausted 100 per cent faster at the 66° level 
than at 50° F. Also, it has been observed that fish are 
unable to reproduce at higher temperatures. Brown trout, 
according to Wingfield (1940). have their best rate of 
growth at 58° F. Brown (1946) found two optimum 
ranges for this fish; namely, 45-48° F. and 61-64° F. 
Speckled trout, Salvelinus fontinalis, according to Bald-
win (1957), were relatively slow at catching their food 
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minnows at 63 ° F. and virtually incapable of doing so at 
70° F. 
The net result of sub-lethal temperature rise on fish 
life is, therefore, hard to assess. But there is evidence 
that it brings about a reduction in the weight and length 
attained, in swimming speed, and in stamina. Further, it 
will probably result in interference with normal repro-
duction. Food reduction because of the heat-sensitivity of 
other organisms is also a factor. 
In instances where a temperature increase takes place 
in very cold water, the result might very well be a bene-
ficial increase of activity within the optimum zone of tem-
perature of the fish species concerned. This could be 
hailed as a benefit of thermal pollution; however, there is 
also a danger. With continued exposure to heat, there 
is acclimatization to living at higher temperatures. How-
ever, the fishes involved simultaneously lose their resist-
ance to cold, and this loss is more permanent. 
The reduced sensitivity to cold means that interruption 
of the flow of warm water into a stream or pond may 
result in extensive fish losses, especially during the winter 
season. A number of such losses have been reported in 
the literature. A case in point was the loss of fish observed 
in the early thirties at Albert Lea, Minnesota, where a 
power plant had been shut down for a period of only a 
few hours. Hundreds of fish, which had moved up into 
the warm water zone from a frozen lake, died when they 
were deprived of that warm water flow and could not re-
adjust to an influx of cold water. 
In practice all these points must be kept in mind as 
one deals with the problem of heat pollution in an actual 
stream situation. The required decisions are difficult. As 
an example of the outcome of an attempt to formulate 
criteria for protecting fish and other acquatic life from 
damage by heat pollution, the 1967 recommendations of 
the Aquatic Life Advisory Committee of the Ohio River 
Valley Water Sanitation Commission (ORSANCO) are 
pertinent. These recommendations are based on data 
available at that time on fish production in streams and 
on then available data on temperature requirements of 
fish. They were intended primarily for the Ohio River. 
''Recommendations-Temperature'' 
"On the basis of the foregoing considerations and 
in the light of available data on temperature re-
quirements for fish production in streams the com-
mittee recommends: 
1. To maintain well-rounded warm-water and com-
mercial nongame and forage fish habitats: 
a. Stream temperatures shall not exceed 93 ° F. 
at any time or any place, and a daily mean 
of 90° F. should not be exceeded. 
b. The temperature shall be below 55 ° F. dur-
ing December, January and February. 
c. The months of March, April, October, and 
November shall be transition periods during 
which the temperature can be changed gradu-
ally by not more than 7° F. per day. 
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2. To maintain trout habitats: 
Stream temperature shall not exceed 55° F. dur-
ing the months of October through May, nor ex-
ceed 68° F. during the months of June through 
September, and insofar as possible, the tempera-
ture should not be raised in streams used for 
natural propagation of trout." 
As time goes on, we will have additional information 
on which to base criteria for other streams and for other 
types of waters. Hopefully, we may be able to arrive at 
agreements with industry which will safeguard our fish 
populations and the aquatic environment. Also needed 
is a well-informed public which will take the trouble to 
make its wishes known in this important area of conser-
vation. A cooperative effort, including the active partici-
pation of the industry, the governmental control agency, 
and the average citizen is necessary. Let us hope that 
none will shirk his duty. 
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